Structure-activity relationships in the haemolytic activity and nephrotoxicity of derivatives of 1,2- and 1,4-naphthoquinone.
Naphthoquinone derivatives are under investigation as potential therapeutic agents. Some such compounds are known, however, to be toxic to both animals and humans. Many naphthoquinone derivatives are haemolytic agents, while others cause necrosis of tubular epithelial cells. In the present study, the short-term toxicity of 16 derivatives of 1,2- and 1,4-naphthoquinone has been examined in rats in order to give information on structure-activity relationships. All the naphthoquinones except one caused haemolytic anaemia, but only hydroxy and amino derivatives were nephrotoxic. Among derivatives of 2-amino-1,4-naphthoquinone, substitution in the 3-position decreased haemolytic activity and abolished nephrotoxicity. Methylation of the hydroxyl group of 2-hydroxy-1,4-naphthoquinone had a similar effect. In contrast, methylation of the amino group of 2-amino-1,4-naphthoquinone increased the severity of both haemolysis and renal damage. Among the 1,2-naphthoquinones tested, the 4-methoxy and 4-amino derivatives were more toxic than the corresponding 1,4-isomers, although 4-methyl-1,2-naphthoquinone was less toxic than 2-methyl-1,4-naphthoquinone. At present, the toxicity of naphthoquinone derivatives cannot accurately be predicted on the basis of their chemical structure. In developing naphthoquinone derivatives for use in humans, toxicological studies in animals should be conducted at an early stage, bearing in mind that clinical studies have shown that humans appear to be particularly vulnerable to the nephrotoxic action of these compounds, and that certain individuals are unusually susceptible to their haemolytic action.